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Abstract: 
Atmospheric correction of satellite data over Chiba area 
Hiroaki Kuze, Mitsuo島finomura,Yusuke Furusawa, Yoshiyasu ’Iodate 
and Nobuo Takeuchi 
Center for Environmental Remote Sensing (CEReS) 
Chiba University, Chiba, 263圃8522Japan 
This work is aiming at separating the ground and atmospheric contributions from the satelite 
remote sensing data. The result of atmospheric correction is validated by means of the ground 
albedo data. The 6S code is employed to accomplish the atmospheric correction of the band 1-4 
data of Landsat 7 ETM+. The result is reasonably consistent with the ground albedo data measured 
with compact CCD spectrometers. The inhomogeneity of the aerosol optical thickness is studied 
by a reference albedo data based on the unsupervised land classification. 
1. Introduction 
Atmospheric correction (AC) is a process in which the effect of atmosphere, i.e. the extinction due 
to atmospheric molecules and aerosols, is removed from the satellite data to obtain intrinsic albedo 
values of various ground targets [1-6]. The application of AC has been proved to be successful 
especially to dark targets such as ocean surfaces and forest areas [2,3]. For such cases, it is even 
possible to derive the atmospheric information (two-dimensional distribution of aerosol optical 
thickness) from the satellite data [ 4,5]. Compared to these cases, the AC of satellite data over urban 
areas usually encounter difficulties, since the ground targets exhibit albedo values that vary in a wide 
range. This variability, in addition to the local inhomogeneity of the aerosol concentration, modifies 
the apparent albedo of the target. 
Usually, the most important parameter in AC isthe aerosol optical thickness τa at the time of the 
satellite overpass, and a sun photometer can be used to evaluate the values of 'ta for the relevant 
satellite bands in the visible and near-infrared regions. Once τa is given, and with the assumption that 
the atmosphere is horizontally homogeneous, it is rather straightforward to calculate various 
radiation components [ 6]using radiation codes such as the 6S [ 4]and Modtran [7] codes. The 
ground albedo values, then, are obtained from the condition that the calculated and the observed 
radiance agree with each other at the top of the atmosphere. 
In this work, first, we validate the results of the atmospheric correction data (the band 1-4 data 
of Landsat 7 ETM +) for the urban Chiba area with the albedo data measured at some of the target 
pixels. Apart from the contributions from the adjacency effect and local aerosol inhomogeneity, this 
-139 -
process yields reasonable agreement between the albedo values from the AC and the validation 
measurement. The resulting distribution of aerosol optical thickness, on the other handラ exhibits
more or less uniform distribution, as naturally expected from the original assumption of the 
horizontal uniformity. 
In order to check the uniformity of actual atmosphere, in the second part, we analyze the same 
satellite data on the basis of the unsupervised land classification. For every band, an appropriate 
albedo value is postulated for each class, and the atmospheric information is derived. If the albedo 
values are close to the real valuesヲitis expected that the distribution of aerosol optical thickness τa 
can be determined. 
2. Algorithm 
Here we describe the method to obtain the albedo image after the AC (Pac）ラ thealbedo image 
based on the ground measurement (Pref), and the image of aerosol optical thickness. 
2.1 Generation of Pac image 
The raw data of a satellite image consists of digital number (DN) values, and for each DN 
between O and 255, there exists a one-to-one correspondence between the aerosol optical thickness τa 
and the target albedo p. This relationship between Ta and p can be calculated by the 6S code, 
provided an aerosol model is given. Figure 1 shows the relationship between p and Ta for a DN value 
of 151 with the urban, continental and maritime aerosol models. The optical thickness τa is varied 
between O and 1.2. It is noted that when the aerosol optical thickness is relatively small （τaく 0.2),
the resulting ground albedo shows insignificant dependence on the aerosol model used in the 
retrieval. 
The procedure of the AC issummarized in Fig. 2. The DN values are converted into radiance 
Lobs in the following manner [6]. In the 6S simulation a tentative value of ground albedo value Po is 
assumed (this assumption does not a百ectthe resultsラasexplained below) and the optical thickness τa 
at 550 nm is varied between O and 1.2. The total radiance LtotaI and the atmospheric radiance Latm, 
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Fig.1 Relationship between the aerosol optical 
thickness τa and the ground albedo p for three aerosol 
models (urban, continental, and maritime): ETM+ band 
3,DN=l51. 
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Fig.2 Procedure of the atmospheric corection. 
both of which are derived by the simulation, are used in the equation of atmospheric correction: 
LL -L ρ＝ Po 伽 atm (1) 
v Ltotal -La 
Here p isthe albedo after the removal of the path radiance. The value of p isindependent of Po, since, 
to a good approximation, the denominator in eq.(1) is proportional to Po・Equation(1) gives sets of p 
and Ta, which are then registered in a form of a conversion table. The conversion table from DN to 
Pac can then be determined by assuming that the aerosol optical thickness τa is equal to the value τsp 
observed with a sun photometer at Chiba University. Here we assume that this conversion is not 
affected by the geometric conditions of the satellite observation. In this manner, the raw data (DN 
map) is transformed into出ealbedo (Pac) map. 
2.2 Generation of Pref image 
The spectral reflectance of appropriately chosen soil-and vegetation-covered land surfaces are 
measured around Chiba University with compact CCD spectrometers (USB2000 for 350-850 nm, 
HR2000 for 650-1100 nm, both from Ocean Optics). The average albedo for each band of ETM+ 
sensor can be calculated by averaging the measured spectral reflectance with the ETM + sensor 
response function. For the reference point over the sea area, a point with a representative DN value 
is chosen, and an albedo of 0.5 -3% is assumed in accordance with the band wavelength [8]. Since 
we have three sets of (DN, Pref), a linear fitting yields the relationship between the DN value and the 
albedo value. This process gives us the Pref image on the basis of the ground validation. 
2.3 Derivation of τa image 
The ground albedo distribution must be assumed if one wishes to derive the aerosol 
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Fig.3 Relationship between DN and p for various 
values of 'ta (ETM+ band 3, urban aerosol model). 
The slope is larger for larger value ofτa• 
distribution （ロ）map. In this work, we make use of two types of albedo maps. The first type is the Pac 
map, and the second is the one generated through the classification of the ETM + with a decision-tree 
clasifier. In this later case, first we derive 11 classes according to the NDVI values, and assign an 
average albedo (Pc1s) to each class. It is desirable that this assignment be done on the basis of the true 
reflective properties of the targets included in the class (as determined from the ground observations, 
for example). In the present study, however, we adopted the albedo values (Pc1s) from the ground 
classification scheme of the Aster Library data [9], with subsequent slight adjustment for each class 
so that the resulting τa map appeared more or less uniform. The process was applied to band 3. The 
DN町prelationship is calculated for various values of 'ta (Fig. 3), and consequently, a set of (DN, p) 
for a particular pixel specifies a value of τa・
3. Results and discussion 
3. 1 Comparison between Pac and Pref 
The atmospheric correction gives the surface albedo Pac as a function of DN, which is to be 
compared with the validation result of Pref (Fig. 4). Here we assume a linear relationship between 
DN and Pref・ The histogram of the DN distribution (raw data) is also shown for band 3 (ce山 redat 
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Fig.4 Conversion table (band 3) between DN and 
p calculated by the 6S code for urban, continental 
and maritime aerosol models. The fitted lines and 
a histogram of DN values are also shown. 
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does not show significant dependence on the aerosol model, as mentioned above. The agreement 
between Pac and Pref is reasonable for bands 1 through 3: for band 1, there exists some discrepancy 
between the two in a DN range with a high population, leading to noticeable di旺erencein the 
resulting images. For band 4, the difference of the Pc1s and Pref is stil large, presumably because of 
inaccurate values of Pref at the near-infrared region and/or the inappropnate selection of the reference 
points. 
3.2 Distribution of aerosol optical thickness 
The classification into 11 classes yields the τa distribution as shown in Fig. 5. This result 
indicates that suitable choice of albedo values indeed provides realistic information on the 
atmosphere over a metropolitan area. Nevertheless, it is apparent from Fig. 5 that this result is stil 
affected by the ground structure, including the adjacency and topological effects. In particular, the 
appearance of geometric structures ( e.g. seashore along the Tokyo bay) indicates that the original 
albedo distribution Pc1s is not sufficiently accurate, and as a result, the atmospheric information is 
stil contaminated by the land albedo distribution. It is expected that the accuracy ofτa be improved 
by increasing the number of classes, and by assigning plausible (possibly measurement-based) 
albedo value for each class. 
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Fig.5 Distribution of the aerosol optical thickness 
τa obtained by the land classification with 11 
classes. 
4. Conclusions 
We have described the atmospheric correction of Landsat ETM+ (bands 1-4) data over the 
Chiba area. The fact that the corrected albedo distribution Pac agreed with the validation result Pref 
suggests that the correction algorithm works well, even without considering the adjacency e百ect.For 
band 4ヲthetwo albedo data have shown discrepancies, inferring the problem associated with the 
accuracy of the ground data and/or the choice of the reference points. The two-dimensional 
inhomogeneity of the aerosol distribution has been considered by deriving the 'ta map from the 
albedo image based on the land classification. A network observation with sun photometers or the 
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observation with a wide angle imaging lidar, for example, can serve to study the. reliability of the 
resulting aerosol distribution. 
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